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[57] ABSTRACT 

A diversity antenna for radio communications including a 
pair of conductive thin-?lm patterns used for a ?rst antenna 
and another pair of conductive thin-?lm patterns used for a 
second antenna. the thin-?lm patterns being installed on a 
printed circuit board along the direction of the length of the 
circuit board; a ?rst choke coil which is used to stop a 
leakage current from the ?rst antenna and cause attenuation 
of a coupling current from the second antenna. the ?rst 
choke coil being installed at a location where the leakage 
current distribution of the ?rst antenna reaches the maxi 
mum in a feeder cable connected to the first antenna; and a 
second choke coil which is used to stop the leakage current 
from the second antenna. the second choke coil being 
installed at a location where the leakage current distribution 
of the second antenna reaches the maximum in a feeder 
cable for the second antenna. 

2 Claims, 7 Drawing Sheets 
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DIVERSITY ANTENNA FOR RADIO 
COMMUNICATIONS 

BACKGROUND OF THE INVENTION 

1. Field of the Invention 
The present invention relates to a diversity antenna for 

radio communications which can be used in communica 
tions systems such as automobile telephones. portable 
telephones. etc. 

2. Prior Art 
In conventional antennas of this type as disclosed in. for 

example. Japanese Utility Model Application Laid-Open 
No. 2-32218. the antenna element is constructed by com 
bining so-called “pull-out parts" such as pipes. etc. In these 
antennas. a leakage current generated as a result of connect 
ing unbalanced cables to balanced antennas is stopped by 
providing a shovel top with the antennas. and a coupling 
current caused by the coupling of the antennas and the feeder 
cable. etc. is prevented by passing a feeder cable through the 
pipes. 

In the conventional antennas described above. since the 
antenna element is constructed by combining the so-called 
“pull-out parts” such as pipes. etc.. the antennas have 
various problems. The structure is complicated which causes 
high manufacturing costs. In addition. the weight of the 
antenna is also increased. etc. 
One conceivable means to solve the problems is to form 

an antenna element that consists of conductive thin-?lm 
patterns provided on a printed circuit board so that feeder 
cables are mounted on the printed circuit board. If such a 
construction is employed. it is at least possible to simplify 
the structure of the antenna and to reduce the cost and weight 
of the antenna. 

However. in the above construction. it is not possible to 
provide a shovel top on the antenna. and it is also not 
possible to stop the leakage current. As a result. the leakage 
current creates a disturbance in the radiation pattern. causing 
a drop in the gain and causing the impedance characteristics 
to become unstable. Furthermore. since the respective feeder 
cables for the ?rst and second antennas are installed in an 
exposed manner. a so-called “coupling current” tends to be 
induced. thus causing a deterioration in the antenna charac 
teristics. Since no effective technical means of solving the 
problems has been developed in the past. no solution has yet 
been realized. ' 

SUMMARY OF THE INVENTION 

The object of the present invention is to provide a 
diversity antenna for radio communications as follows: 

(1) A diversity antenna for radio communications which 
has a simple structure. a low cost of manufacture and 
a light weight compared to conventional antennas in 
which the antenna element is formed from pipes. In 
addition. the antenna has the necessary antenna char 
acteristics. 

(2) A diversity antenna for radio communications which 
has the necessary antenna characteristics with virtually 
no problems arising from the leakage current which is 
caused by connecting unbalanced cables to balanced 
antennas or from a coupling current that is induced as 
a result of coupling the antennas and cables. 

In order to solve the problems and accomplish the object. 
the diversity antenna for radio communications according to 
the present invention is constructed as follows: 

(1) The diversity antenna for radio communications of the 
present invention includes: conductive thin-?lm pat 
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2 
terns used for a ?rst antenna and conductive thin-?lm 
patterns used for a second antenna which are installed 
on a card-shaped printed circuit board in a direction of 
the length of the circuit board; a ?rst choke coil which 
is used to stop the leakage current from the ?rst antenna 
and to cause attenuation of coupling current from the 
second antenna. the ?rst choke coil being installed at a 
position located at a distance of 1/2 from the feeding 
point of the ?rst antenna where 7.. is the wavelength of 
the electromagnetic waves in the frequency band used 
and at a location where the leakage current distribution 
of the ?rst antenna reaches the maximum in the feeder 
cable for the ?rst antenna‘. and a second choke coil 
which is used to stop the leakage current from the 
second antenna. the second choke coil being installed at 
a position separated from the ?rst choke coil by a 
prescribed distance and at a location where the leakage 
current of the second antenna reaches the maximum in 
the feeder cable for the second antenna. 

(2) The diversity antenna for radio communications of the 
present invention is the antenna as de?ned above 
wherein: the ?rst antenna consists of a conductive 
thin-?lm pattern which is used for a main antenna 
element and a conductive thin-?lm pattern which is 
used as a folded element. both of them being installed 
on the card-shaped printed circuit board along the 
direction of the length of the circuit board; the feeder 
cable for the ?rst antenna is a cable with one end 
thereof connected to a feeding point located between 
the adjacent ends of the conductive thin-?lm patterns 
and the other end thereof installed along the direction 
of the length of the circuit board; and a folding portion 
is formed by the feeder cable for the ?rst antenna 
element and the conductive thin-?lm pattern which is 
used as a folded element. 

(3) The diversity antenna for radio communications of the 
present invention is the antenna as de?ned above 
wherein: a coupling current distribution in an extended 
portion of the feeder cable for the ?rst antenna is set so 
that the phase of the maximum point of the coupling 
current distribution and the phase of the maximum 
point of the antenna current distribution in the second 
antenna become the same. such a setting being obtained 
by setting the electrical length between the ?rst and 
second choke coils to be an odd multiple of M4 and by 
adjusting and setting the electrical lengths (numbers of 
turns) of the ?rst and second coils and the respective 
spacing between the feeder cables for the ?rst and 
second antennas and the second antenna. 

As a result of adopting the means described above. the 
present invention has the following function: 

(1) In the diversity antenna for radio communications 
provided by the present invention. the antenna has a 
construction in which the conductive thin-?lm patterns 
used for a ?rst antenna and conductive thin-?lm pat 
terns used for a second antenna are installed on the 
card-shaped printed circuit board along the direction of 
the length of the circuit board. and the respective feeder 
cables are connected to the conductive thin-?lm pat 
terns. Accordingly. the diversity antenna for radio com 
munications has a simple construction. a low cost of 
manufacture and a light weight compared to conven 
tional antennas in which the antenna element is formed 
from pipes. 

The ?rst choke coil which is used to stop the leakage 
current and cause the attenuation of coupling current is 
provided at a location where the leakage current distribution 
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reaches the maximum in the feeder cable for the ?rst 
antenna. Accordingly. the leakage current from the ?rst 
antenna is stopped by the ?rst choke coil. and there is no 
effect on the second antenna. In addition. the coupling 
current. which is induced in the extended portion of the 
feeder cable for the ?rst antenna by the second antenna and 
which attempts to ?ow into the ?rst antenna. is greatly 
attenuated by the ?rst choke coil. Accordingly. the amount 
of the coupling current that ?ows into the ?rst antenna is 
extremely small. 

Moreover. the second choke coil which is used to stop the 
leakage current is installed at a location where the leakage 
current distribution reaches the maximum in the feeder cable 
for the second antenna. Accordingly. the leakage current 
from the second antenna is stopped by the second choke coil. 

(2) In the diversity antenna for radio communications 
provided by the present invention. a folding portion is 
formed by the feeder cable for the ?rst antenna and the 
conductive thin-?lm pattern which is used as a folded 
element. Accordingly. because of the relationship with 
the ?rst choke coil. the coupling current ?owing 
through the feeder cable for the ?rst antenna and the 
coupling current ?owing through the ?rst antenna itself 
have the same level but opposite phases. resulting in 
that these two coupling currents deny and cancel each 
other. Accordingly. there is no danger that the coupling 
current on the ?rst antenna side has a deleterious effect 
on the radiation pattern of the second antenna. 

(3) In the diversity antenna for radio communications 
provided by the present invention. the coupling current 
distribution in the extended portion of the feeder cable 
for the ?rst antenna is set so that the phase of the 
maximum point of the coupling current distribution and 
the phase of the maximum point of the antenna current 
distribution in the second antenna are the same. 
Accordingly. there is no danger that the coupling cur 
rent induced in the extended portion of the feeder cable 
for the ?rst antenna which passes alongside the second 
antenna has a deleterious effect on the radiation pattern 
of the second antenna. 

BRIEF DESCRIPTION OF THE DRAWINGS 

FIGS. l(a)—l(c) is sectional views of the construction of 
a radio communication diversity antenna constituting a ?rst 
embodiment of the present invention wherein FIG. 1 (0) 
illustrates the overall construction and FIGS. 1(b) and (c) 
illustrate the construction of the respective feeding points; 

FIG. 2 is a partial sectional plan view of the construction 
of the ?rst and second choke coils of the radio communi 
cation diversity antenna in the ?rst embodiment of the 
present invention; 

FIG. 3 is an explanatory diagram which illustrates the 
operation of the radio communication diversity antenna in 
the ?rst embodiment of the present invention; 

FIG. 4 is an explanatory diagram which illustrates the 
operation of the radio communication diversity antenna in 
the ?rst embodiment of the present invention; 

FIGS. 50 and 5b shows the results of actual measurements 
of the characteristics of the ?rst antenna of the radio com 
munication diversity antenna in the ?rst embodiment of the 
present invention wherein FIG. 5(a) is a Smith chart. and 
FIG. 5(b) is an SWR characteristic diagram; 

FIGS. 6a and 6b shows the results of actual measurements 
of the characteristics of the second antenna of the radio 
communication diversity antenna in the ?rst embodiment of 
the present invention wherein FIG. 6(a) is a Smith chart and 
FIG. 6(b) is an SWR characteristic diagram; 
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4 
FIGS. 7a and 7b shows the results of actual measurements 

of the vertical-plane radiation patterns of the radio commu 
nication diversity antenna in the ?rst embodiment of the 
present invention wherein FIG. 7(a) shows the pattern of the 
?rst antenna and FIG. 7(b) shows the pattern of the second 
antenna. 

DETAILED DESCRIPTION OF THE 
INVENTION 

FIGS. 1 (a). (b) and (0) illustrate the structure of the 
diversity antenna for radio communications constituting an 
embodiment of the present invention. As shown in FIGS. 1 
(a). (b) and (c). the diversity antenna for radio communica 
tions of the embodiment is constructed so that an antenna 
main body 3. which is enveloped by a shock-absorbing part 
2 consisting of an insulating elastic material. is accommo 
dated inside an outer tube 1 which is formed from. for 
example. a hard synthetic resin such as an FRP. etc. The 
antenna main body 3 is formed by installing various antenna 
components as described below on a long. slender card 
shaped printed circuit board 4. 

10 indicates a ?rst antenna which is one of the constituent 
elements of the diversity antenna and is provided along the 
direction of the length of a printed circuit board. This ?rst 
antenna 10 consists of a conductive thin-?lm pattern 11a. 
which is used for a main antenna element. and a conductive 
thin-?lm pattern 11b. which is used as a folded element. 

20 indicates a second antenna which is the other of the 
constituent elements of the diversity antenna and is provided 
along the direction of the length of the printed circuit board. 
This second antenna 20 consists of a conductive thin-?lm 
pattern 210. which is used for a main antenna element. and 
a conductive thin-?lm pattern 21b. which is used as a folded 
element. 
The ?rst antenna 10 and the second antenna 20 are 

provided so as to be separated from each other so as to form 
a space diversity antenna by a distance which is equal to an 
odd multiple of N4 (it is three times. that is. 3N4 in this 
embodiment) in which A. is the wave length of electromag 
netic waves within the frequency band used. 
As shown in FIG. 1 (b). one end of a coaxial ?rst-antenna 

feeder cable 13 is connected to the feeding point 12 of the 
?rst antenna 10. More speci?cally. one end of the core 
conductor 13d of the feeder cable 13 is connected to the 
conductive thin-?lm pattern 110 which is used for a main 
antenna element. one end of the outer conductor 13b of the 
feeder cable 13 is connected to the conductive thin-?lm 
pattern 11b which is used as a folded element. and the rest 
of the ?rst-antenna feeder cable 13 is provided so as to 
extend along the direction of the length of the circuit board 
4. Thus. a folding portion U1 in the shape of an inverted “U” 
is formed by the ?rst-antenna feeder cable 13 and the 
conductive thin-?lm pattern 11b which is used as the folded 
element. 
A ?rst choke coil 14 is installed at a position which is 

located at a distance of N2 from the ?rst-antenna feeding 
point 12 and in a region that includes a location at which the 
leakage current distribution reaches the maximum in the 
?rst-antenna feeder cable 13. The ?rst choke coil 14 is used 
to stop the leakage current from the ?rst antenna 10 and 
cause attenuation of the coupling current from the second 
antenna 20 
As shown in FIG. 1(c). one end of a coaxial second 

antenna feeder cable 23 is connected to the feeding point 22 
of the second antenna 20. More speci?cally. one end of the 
core conductor 23d of the feeder cable 23 is connected to the 
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conductive thin-?lm pattern 210 used for a main antenna 
element. one end of the outer conductor 23b of the feeder 
cable 23 is connected to the conductive thin-?lm pattern 21b 
used as a folded element. and the rest of the second-antenna 
feeder cable 23 is installed along the direction of the length 
of the circuit board 4 and parallel to an extended portion 13x 
of the ?rst-antenna feeder cable 13. Thus. a folding portion 
U2 in the shape of an inverted “U” is formed by the 
second'antenna feeder cable 23 and the conductive thin-?lm 
pattern 21b used as a folded element. 

A second choke coil 24 is installed at a position which is 
separated from the ?rst choke coil 14 by a prescribed 
distance and is in a region that includes a location at which 
the leakage current distribution reaches the maximum in the 
second antenna 20. The second choke coil 24 is used to stop 
the leakage current from the second antenna. 

FIG. 2 is a partially sectional plan view which illustrates 
the construction of the ?rst and second choke coils of the 
radio communications diversity antenna of the embodiment. 
As shown in FIG. 2. the ?rst choke coil 14 is formed by 
winding the coaxial ?rst-antenna feeder cable 13 in a helical 
con?guration which consists of approximately eight turns in 
cut-out areas 40 and 41) formed on both side edge portions 
of the printed circuit board 4. Meanwhile. the second choke 
coil 24 is formed by side-by-side winding (bi?lar winding) 
of the ?rst-antenna feeder cable 13 and second-antenna 
feeder cable 23 in a helical con?guration which consists of 
approximately four turns of each cable in cut-out areas 40 
and 4d formed on both side edge portions of the printed 
circuit board 4. 
The electrical length between the ?rst choke coil 14 and 

the second choke coil 24 is set to be an odd multiple of N4 
(slightly less than three times in the embodiment. i.e.. 
slightly less than 3N4). and the electrical lengths (numbers 
of turns) of the ?rst and second choke coils 14 and 24. and 
the spacing between the ?rst- and second-antenna feeder 
cables 13 and 23 and the second antenna 20 are also 
respectively adjusted and set. so that the distribution of the 
coupling current induced in the extended portion of the 
?rst~antenna feeder cable 13 is set to be the same phase as 
the phase of the maximum point of the antenna current 
distribution in the second antenna 20 (as will be described 
below). In FIG. 2. 130 indicates the outer covering of the 
?rst-antenna feeder cable 13 (D=¢1.5). 13b indicates the 
outer conductor of the cable 13. 13c indicates the interme 
diate insulating covering of the cable 13. and 13d indicates 
the core conductor of the cable 13. 
The description now returns to FIG. 1. A short-circuiting 

means 30 is. for example. a shorting ring which short 
circuits the outer conductors of the ?rst-antenna feeder cable 
13 and second-antenna feeder cable 23 and is provided in the 
vicinity of the area where the second choke coil is formed by 
the feeder cables 13 and 23. In other words. the short 
circuiting means 30 is provided in the area of small currents 
with opposite phases (where a small coupling current and a 
small leakage current have opposite phases) which is located 
in the vicinity of the ?nal-tum end of the second choke coil 
24. 
A coaxial connector 15 is connected to the end of the 

extended portion 13:: of the ?rst-antenna feeder cable 13. 
such an end being led out of the outer tube 1. Likewise. a 
coaxial connector 25 is connected to the end of an extended 
portion 23x of the second feeder cable 23. 

Next. the operation of the radio communication diversity 
antenna of the embodiment constructed as described above 
will be described. 
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6 
As shown in FIG. 3. a leakage current 11R of the ?rst 

antenna 10 is stopped by the ?rst choke coil 14 which is 
installed at the point where the leakage current distribution 
is the maximum. Accordingly. the leakage current has no 
effect on the second antenna. 

As shown in FIG. 4. the coupling current I26 is induced in 
the extended portion 131: of the ?rst-antenna feeder cable 13 
from the second antenna 20 when the antenna 20 is in 
operation. This coupling current 125 passes through the ?rst 
choke coil 14 and flows into the ?rst-antenna feeder cable 
13. However. the coupling current ?owing to the ?rst 
antenna side is attenuated by the ?rst choke coil 14. 
Accordingly. the absolute value of the coupling current is 
small; and in terms of the value actually measured. the 
coupling current is approximately ~12dB compared to the 
maximum value of the antenna current I2 of the second 
antenna 20 (in FIG. 4). 

Furthermore. a coupling current I2 also induced in the ?rst 
antenna 10 (especially in the element 11b) by the coupling 
current that ?ows through the ?rst-antenna feeder cable 13. 
However. the level of this coupling current I2‘, is small 
compared to the antenna current I2 in the second antenna 20. 
and it is approximately -12dB in terms of the actually 
measured value ((b) in FIG. 4). In the above. the coupling 
current I2C ?owing through the ?rst-antenna feeder cable 13 
has the same phase as the second antenna current ((c) in FIG. 
4). while the coupling current 12,, ?owing through the ?rst 
antenna 10 has the opposite phase ((d) in FIG. 4) to the 
second antenna current. 

As a result. the coupling current I2c in the ?rst-antenna 
feeder cable 13 and the coupling current Ila in the ?rst 
antenna 10 have roughly the same level and roughly the 
opposite phases at the folding portion U1. Accordingly. 
these two currents deny each other and more or less can 
celed As a result. the coupling currents I2c and I2“ have very 
little effect on the radiation pattern of the second antenna 20. 

Furthermore. the distribution of the coupling current I2C 
?owing through the extended portion 13:: of the ?rst-antenna 
feeder cable 13 during the operation of the second antenna 
20 is determined by the spacing (which is set at slightly less 
than 3N4) between the ?rst choke coil 14 and the second 
choke coil 24. the electrical lengths (numbers of turns) of the 
?rst choke coil 14 and the second choke coil M. and the 
spacing between the conductive thin-?lm patterns 20. 21b of 
the second antenna 20 and the extended portion 13x of the 
?rst-antenna feeder cable 13. etc.. so that the phase of the 
maximum point of the coupling current distribution and the 
phase of the maximum point of the second antenna current 
distribution become the same ((e) and (g) in FIG. 4). Thus. 
any deleterious effect that might be exerted on the radiation 
pattern of the second antenna 20 by the coupling current I26 
is eliminated. 
The leakage current of the second antenna 20 and the 

coupling current present in the extended portion 13:: of the 
?rst-antenna feeder cable 13 are stopped by the function of 
the second choke coil 24. 

In the vicinity of the ?nal-tum end of the second choke 
coil 24. the small coupling current ?owing through the 
?rst-antenna feeder cable 13 and the small leakage current 
?owing through the second-antenna feeder cable 23 have 
opposite phases as described above. The short-circuiting 
means 30 which short-circuits the outer conductors of the 
cables 13 and 23 is installed in this area where the small 
currents have opposite phases. so that the outer conductors 
are shorted. As a result. the coupling current and the leakage 
current ?owing through the outer conductors of the ?rst 
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antenna feeder cable 13 and second-antenna feeder cable 23 
are more or less completely stopped in the area Where the 
small currents have opposite phases and therefore do not 
leak to the outside. 

Thus. a radio communication diversity antenna is 
obtained which has approximately the same radiation pattern 
and gain characteristics as conventional antennas in which 
sleeve antenna parts and a shovel top are formed from pipes. 

FIGS. 5(a) and (b) show the results of actual measurement 
of the characteristics of the ?rst antenna of the radio com 
munication diversity antenna of the embodiment. FIG. 5(a) 
is a Smith chart. and FIG. 5(b) is an SWR characteristic 
diagram. As is clear from FIG. 5(a). the impedance charac 
teristics are close to SOS'EjO. Furthermore. as is clear from 
FIG. 5(b). the SWR value is 1.5 or less in the band used. 

FIGS. 6(a) and (b) show the results of actual measurement 
of the characteristics of the second antenna of the radio 
communication diversity antenna of the embodiment. FIG. 
6(a) is a Smith chart. and FIG. 6(b) is an SWR characteristic 
diagram. As is clear from FIG. 6(a). the impedance charac 
teristics are even better than those shown in FIG. 5(a). 
Furthermore. as is clear from FIG. 6(b). the SWR value is 
1.3 or less in the band usecL 

FIGS. 7(a) and (b) show the results of actual measurement 
of the vertical-plane radiation patterns of the radio commu 
nication diversity antenna of the embodiment. FIG. 7(a) 
shows the pattern diagram of the ?rst antenna. and FIG. 7(b) 
shows the pattern diagram of the second antenna. As seen 
from FIGS. 7(a) and (b). the vertical~plane radiation pattern 
of the ?rst antenna 10 and the vertical-plane radiation 
pattern of the second antenna 20 are roughly the same as 
those seen in the conventional antenna in which the antenna 
and other elements are constructed via pipes. 
The structure and effects/merits of the embodiment above 

can be summarized as follows: 

(I) In the radio communication diversity antenna of the 
embodiment. the conductive thin-?lm patterns 11a. 11b 
used for the ?rst antenna and the conductive thin-?lm 
patterns 21a. 21b used for the second antenna are 
provided on the card-shaped printed circuit board 4 
along the direction of the length of this circuit board 4. 
Furthermore. the ?rst choke coil 14 which is used to 
stop the leakage current from the ?rst antenna and 
cause attenuation of the coupling current 120 from the 
second antenna 20 is installed at a position which is at 
a distance of M2 from the feeding point 12 for the ?rst 
antenna in which it is the wavelength of the electro 
magnetic waves in the frequency band used and at a 
location where the leakage current distribution of the 
?rst antenna reaches the maximum in the feeder cable 
13 for the ?rst antenna. and the second choke coil 24 
which is used to stop the leakage current from the 
second antenna 20 is installed at a position which is 
separated from the ?rst choke coil 14 by a prescribed 
distance and at a location where the leakage current of 
the second antenna 20 reaches the maximum in the 
feeder cable 23 for the second antenna. 

Thus. since the antenna element is constructed merely by 
forming conductive thin-?lm patterns 11a. 11b and 21a. 21b 
on the card-shape printed circuit board 4. it is possible to 
obtain a radio communication diversity antenna which has a 
simple construction. a low cost of manufacture and a light 
weight compared to conventional antennas in which the 
antenna element is formed from pipes. 

Furthermore. the ?rst choke coil 14 which is used to stop 
the leakage current and cause the attenuation of the coupling 
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current is installed at location where the leakage current 
distribution reaches the maximum in the ?rst-antenna feeder 
cable 13. Accordingly. the ?owing out of the leakage current 
from the ?rst antenna 10 is prevented by the ?rst choke coil 
14. and there is no deleterious eEect on the second antenna 
20. Moreover. the coupling current I26 which is induced in 
the extended portion 13x of the ?rst-antenna feeder cable 
from the second antenna 20 so as to ?ow into the ?rst 
antenna side is greatly attenuated by the ?rst choke coil 14. 
Accordingly. the amount of the coupling current 12: that 
?ows into the ?rst antenna side is extremely small. 

In addition. the second choke coil 24 which is used to stop 
the leakage current is installed at a location where the 
leakage current distribution reaches the maximum in the 
second-antenna feeder cable 23. Accordingly. the ?owing 
out of the leakage current from the second antenna 20 is 
stopped by the second choke coil 24. 

(2) Furthermore. the radio communication diversity 
antenna of the embodiment is the antenna as described 
above wherein: the first antenna 10 consists of the 
conductive thin-?lm pattern Ila used for a main 
antenna element and the conductive thin-?lm pattern 
11b used as a folded element. both of which being 
installed on the card-shaped printed circuit board along 
the direction of the length of the circuit board; the 
?rst-antenna feeder cable 13 is a cable with one end 
thereof being connected to the feeding point 12 located 
between the adjacent ends of the conductive thin-?lm 
patterns 11a. 11b and the rest of the cable being 
installed along the direction of the length of the circuit 
board 4; and the folding portion U1 is formed by the 
feeder cable 13 for the ?rst antenna element and the 
conductive thin-?lm pattern 11b used as a folded ele 
ment. 

Accordingly. because of the relationship with the ?rst 
choke coil 14. the coupling current I26 ?owing through the 
feeder cable 13 for the ?rst antenna and the coupling current 
I24 ?owing through the ?rst antenna 10 can have the same 
level but opposite phases. As a result. these two coupling 
currents (I26. 12,) deny and cancel each other. Accordingly. 
there is no danger that the coupling current on the ?rst 
antenna side will have a deleterious etfect on the radiation 
patterns of the second antenna 20. 

(3) Furthermore. the radio communication diversity 
antenna of the embodiment is the antenna as described 
wherein: the coupling current distribution in the 
extended portion 13x of the feeder cable 13 for the ?rst 
antenna is set so that the phase of the maximum point 
of the coupling current distribution and the phase of the 
maximum point of the antenna current distribution in 
the second antenna 20 are the same. and such a setting 
is accomplished by setting the electrical length between 
the ?rst and second choke coils 14. 24 to be an odd 
multiple of M4 (slightly less than 3M4 in the 
embodiment) and by adjusting and setting the electrical 
lengths (numbers of turns) of the ?rst and second choke 
coils 14. 24 and the respective spacing between the 
feeder cables 13. 23 for the ?rst and second antennas 
and the second antenna 20. 

Accordingly. there is no danger that the coupling current 
12c induced in the extended portion 13x of the ?rst-antenna 
feeder cable 13 which passes alongside the second antenna 
20 will have a deleterious effect on the radiation pattern of 
the second antenna 20. 

(4) Furthermore. the radio communication diversity 
antenna of the embodiment is the antenna as described 
above wherein: the ?rst choke coil 14 is formed by 
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winding the coaxial ?rst-antenna feeder cable 13 in a 
helical con?guration. and the second choke coil 24 is 
formed by the bi?lar winding of the ?rst-antenna feeder 
cable 13 and second-antenna feeder cable 23 in a 
helical con?guration. 

Accordingly. the construction of the antenna is simpli?ed. 
since there is no need for separately installing the ?rst and 
second choke coils. In particular. since the second choke coil 
24 is a so-called bi?lar-wound coil which includes not only 
the second-antenna feeder cable 23 but also the ?rst-antenna 
feeder cable 13. spaces are e?iciently utilized so that the 
antenna can be manufactured to be small in size and light in 
weight. 

(5) Furthermore. the radio communication diversity 
antenna of the embodiment is the antenna described 
above wherein: the ?rst-antenna feeder cable 13 and the 
second-antenna feeder cable 23 are both coaxial cables. 
the second choke coil 24 is formed by the bi?lar 
winding of these feeder cables 13. 23 in a helical 
con?guration with a prescribed number of turns 
(approximately four turns for each cable in the 
embodiment). and the short-circuiting means 30 which 
short-circuits the outer conductors of the cables 13. 23 
is installed on the cables 13. 23 in an area where small 
currents of opposite phases exist. i.e. in an area where 
the small coupling current and small leakage current 
have opposite phases. so that such area is located in the 
vicinity of the ?nal-turn end of the second choke coil 
24. 

Accordingly. a ?owing out of the coupling current from 
the extended portion 13x of the ?rst-antenna feeder cable 13 
and of the leakage current from the second-antenna feeder 
cable 23 is substantially completely prevented. 

(6) Furthermore. the radio communication diversity 
antenna of the embodiment includes: the card-shaped 
printed circuit board 4; the ?rst antenna 10 consisting 
of the conductive thin-?lm pattern 11a used for a main 
antenna element and the conductive thin-?lm pattern 
11b used as a folded element. both of which being 
formed on the card-shaped circuit board 4 along the 
direction of the length of the circuit board 4; the second 
antenna 20 consisting of the conductive thin-?lm pat 
tern 21a used for a main antenna element and the 
conductive thin-?lm pattern 21b used as a folded 
element. both of which being formed on the printed 
circuit board 4 along the direction of the length of the 
circuit board 4 so as to be at a position which is 
separated from the ?rst antenna 10 by a distance equal 
to an odd multiple of N4 (the separation being 3N4 in 
case of this embodiment) where it is the wavelength of 
the electromagnetic waves in the frequency band used; 
the coaxial ?rst-antenna feeder cable 13 which is 
installed so that one end thereof is connected to the 
feeding point 12 of the first antenna 10. and the rest of 
the cable 13 is provided along the direction of the 
length of the printed circuit board 4. thus forming the 
folding portion U1 as a result of the relationship 
between the cable 13 and the conductive thin-?lm 
pattern 11b used as a folded element; the ?rst choke coil 
14 which is formed by winding the ?rst-antenna feeder 
cable 13 in a helical con?guration at a position sepa 
rated from the feeding point 12 by a distance of N2 and 
at a location where the leakage current distribution 
reaches the maximum in the first antenna 10. so that the 
leakage current from the ?rst antenna is stopped and the 
coupling current 126 from the second antenna 20 is 
attenuated; the coaxial second-antenna feeder cable 23 
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which is installed so that one end thereof is connected 
to the feeding point 22 of the second antenna 20. and 
the rest of the cable 23 is provided along the direction 
of the length of the printed circuit board 4. thus forming 
the folding portion U2 as a result of the relationship 
between the cable 23 and the conductive thin-?lm 
pattern 21b used as a folded element; the second choke 
coil 24 which is formed by the bi?lar winding of the 
?rst-antenna feeder cable 13 and the second-antenna 
feeder cable 23 in a helical con?guration with a pre 
scribed number of turns (four turns for each cable in the 
case of the embodiment). the second choke coil being 
provided at a position separated from the ?rst choke 
coil 14 by a distance equal to an odd multiple of N4 
(slightly less than 37.14 in the case of the embodiment) 
and at a location where the leakage current distribution 
of the second antenna 20 reaches the maximum in the 
second-antenna feeder cable 23 so that the leakage 
current from the second antenna is stopped. the short 
circuiting means 30 which short-circuits the outer con 
ductors of the cables 13 and 23 and is installed in an 
area where small currents of opposite phases exist. such 
an area being located in the vicinity of the ?nal-turn end 
of the second choke coil 24; and the means for setting 
the coupling current distribution in the extended por 
tion 13:: of the ?rst-antenna feeder cable 13 so that the 
phase of the maximum point of the coupling current 
distribution in the extended portion 13x of the ?rst 
antenna feeder cable 13 and the phase of the maximum 
point of the antenna current distribution in the second 
antenna 20 become the same. the setting of the coupling 
current distribution being accomplished by adjusting 
the electrical lengths (numbers of turns) of the ?rst and 
second choke coils 14 and 24 and the respective 
spacing between the ?rst- and second-antenna feeder 
cables 13. 23 and the second antenna 20. 

Accordingly. it is possible to obtain the radio communi 
cation diversity antenna which has all of the effects and 
merits described in (1) through (5) above. 

(7) The antenna of the embodiment includes the following 
modi?cations: 
An antenna that includes no outm- tube 1. 
An antenna that includes choke coils provided sepa 

rately. 
According to the present invention. it is possible to 

provide an antenna as follows: 
(1) A diversity antenna for radio communications which 

has a simple structure. a low cost of manufacture and 
a light weight compared to conventional antennas in 
which the antenna element is formed from pipes and 
which has the necessary antenna characteristics. 

(2) A diversity antenna for radio communications which 
has the necessary antenna characteristics. with virtually 
no problems arising from the leakage current caused by 
the connection of unbalanced cables to balanced anten 
nas or from coupling current induced as a result of the 
coupling of antennas and cables. 

We claim: 
1. A space diversity antenna for a radio communications 

device. said antenna comprising: a ?rst antenna and a second 
antenna. said ?rst and second antennas comprising thin-?lm 
patterns provided on a card-shaped printed circuit board 
along a direction of a length of said circuit board. a ?rst 
choke ooil for stopping a leakage current from said ?rst 
antenna and for causing attenuation of a coupling current 
from said second antenna provided at a position which is 
located at a distance of N2 from a feeding point of said ?rst 
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antenna where it is a wavelength of electromagnetic waves 
in a frequency band used and at a location where a leakage 
current distribution of said ?rst antenna reaches a maximum 
in a feeder cable for said ?rst antenna; and a second choke 
coil for stopping leakage current from said second antenna 
provided at a position separated from said ?rst choke coil by 
a prescribed distance and at a location where the leakage 
current distribution of said second antenna reaches a maxi 
mum in a feeder cable for said second antenna; and 

wherein said ?rst and second antennas are separated on 
said printed circuit board a distance equal to an odd 
multiple of M4. an electrical length between said ?rst 
and second choke coils is set to be an odd multiple of 
N4. and electrical lengths of said ?rst and second choke 
coils and a respective spacing between said feeder 
cable for said ?rst antenna and said feeder cable for said 
second antenna and said second antenna are adjusted 
and set. so that a coupling current distribution in an 
extended portion of said feeder cable for said ?rst 
antenna is such that a phase of maximum point of said 
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coupling current distribution and a phase of maximum 
point of antenna current distribution in said second 
antenna become the same phase. 

2. A diversity antenna for radio communications accord 
ing to claim 1 wherein: said ?rst antenna consists of a ?rst 
conductive thin-?lm pattern which is used for a main 
antenna element and a second conductive thin-?lm pattern 
which is used as a folded element. both of which being 
installed on a card-shaped printed circuit board in a direction 
of length of said circuit board; said feeder cable for said ?rst 
antenna is a cable which is connected at one end to a feeding 
point located between adjacent ends of said conductive 
thin-?lm patterns. the rest of said feeder cable for said ?rst 
antenna being provided along a direction of length of said 
circuit board; and a folding portion is formed by said feeder 
cable for said ?rst antenna element and said conductive 
thin-?lm pattern which is used as a folded element. 

* * * * * 


